Oysters naturally contaminated with 10 3 to 10 4 most probable numbers (MPN) of Vibrio vulnificus per g were relayed to offshore waters (salinity, 30 to 34 ppt), where they were suspended in racks at a depth of 7.6 m. V. vulnificus counts in oysters were reduced to <10 MPN/g within 7 to 17 days in five of the six studies. At the end of the studies (17 to 49 days), V. vulnificus levels were reduced further and ranged from a mean of 0.23 to 2.6 MPN/g. Oyster mortalities during relaying were <6%. The reduction of V. vulnificus in relayed oysters is associated with exposure to high-salinity environments essentially devoid of V. vulnificus. Offshore suspension relaying may be a method that industry can employ to reduce V. vulnificus levels in raw Gulf Coast oysters.
The human pathogen Vibrio vulnificus, part of the normal microflora of estuarine waters and molluscan shellfish, continues to be a significant concern to public health agencies and the shellfish industry. Consumption of raw Gulf Coast oysters contaminated with V. vulnificus can cause primary septicemia in individuals with certain underlying diseases (1, 11) . Infections associated with V. vulnificus are usually swift, aggressive, and often fatal. This pathogen is responsible for 95% of all seafood-related deaths in this country (11) . There were 31 cases and 14 fatalities associated with shellfish and V. vulnificus reported in 1995 (2) .
Experimental methods to reduce V. vulnificus in live oysters after harvest include irradiation and depuration. Gamma irradiation, although effective in reducing V. vulnificus in oysters at doses of 1.0 to 1.5 kGy, also increases oyster mortalities during storage (9) . This process is currently not approved by the U.S. Food and Drug Administration. Conventional depuration of oysters with an indigenous microflora of V. vulnificus has been unsuccessful (6, 14) and, if conducted at temperatures higher than 21ЊC, may actually increase the number of V. vulnificus in oysters (14) .
Relaying, a Food and Drug Administration-approved process, is normally employed to free contaminated shellfish of human enteric pathogens and involves the transfer of shellfish from restricted to open areas for natural biological cleansing. Relaying has not been used as a means of removing V. vulnificus from Gulf Coast oysters because inshore Gulf Coast waters contain large numbers of V. vulnificus. This study evaluates suspension relaying of Gulf Coast oysters to offshore waters that are normally free of V. vulnificus.
Oysters were harvested from conditionally approved growing areas at either Cedar Point or Buoy Reef in Mobile Bay, Ala., with oyster tongs or dredge, respectively. After culling and washing, 100 oysters were placed in baskets and suspended from a pier in Dauphin Island Bay (DIB) for 1 to 7 days for acclimation. DIB is close to the mouth of Mobile Bay and usually has higher salinities than the harvest sites. Oysters were removed from DIB after the acclimation period and transported to the offshore relay site (a natural gas production platform) located ca. 6.5 km south of the Alabama coast in 15.2 m of water. The 7 July 1995 study was conducted at an alternate gas production platform located ca. 37 km offshore in 30.4 m of water. At each relay site, oysters were divided into two groups, placed in plastic trays, and suspended at a depth of ca. 7.6 m.
Oysters for the 0-h V. vulnificus counts were collected after acclimation at DIB and just prior to relaying. Periodically, the remaining oysters were examined for mortalities and 10 to 12 oysters were removed from each tray and held separately for analysis. Seawater samples (500 ml) were collected at the depth of the suspended oysters with a submersible pump. All samples were held on ice and analyzed within 4 to 6 h of collection.
V. vulnificus was enumerated by a three-tube, most probable number (MPN) technique as recommended in the Food and Drug Administration Bacteriological Analytical Manual (4) . Values less than the lower limit of sensitivity (0.30) were assigned a value of 0.15 to distinguish them from values equal to 0.30 and for calculation of geometric means. Seawater was similarly examined except that 10-and 100-ml portions were inoculated 10:1 into 10ϫ strength alkaline peptone water. One-milliliter portions of seawater were inoculated into singlestrength alkaline peptone water tubes. Isolates were confirmed by an enzyme immunoassay using a monoclonal antibody specific to V. vulnificus (15) .
Temperature and salinity were determined at the harvest, acclimation, and relay sites with a bimetallic dial thermometer and a refractometer (American Optical). Measurements at the relay sites were made at the surface and on water pumped from the depth of the suspended oysters prior to each sampling. All other readings were surface measurements.
Ambient surface water temperatures at the harvest sites ranged from 22.7 to 31.1ЊC, and salinities ranged from 15 to 24 ppt (Table 1) . Surface water temperatures at the acclimation and relay sites were similar to those recorded at harvest. Average water temperatures at the depth of the suspended oysters were normally lower than the average surface water temperatures at the relay sites; average salinities were consistently higher and ranged from 32.0 to 35.3 ppt.
Studies were conducted between July and October when the mean numbers (n ϭ 2) of V. vulnificus in oysters after acclimation and immediately prior to relaying ranged from 1,991 to 14,019 MPN/g. V. vulnificus in oysters was reduced to Ͻ10 MPN/g after 7 to 17 days of relaying in five of the six studies (Fig. 1) . By the end of each study (17 to 49 days), V. vulnificus levels were reduced further and ranged from a mean of 0.23 to 2.6 MPN/g. These counts are similar to those seen in Gulf Coast oysters harvested between January and March (10) when V. vulnificus infections are minimal.
Twenty-one seawater samples collected at the depth of the suspended oysters were analyzed for V. vulnificus (data not shown). Seven of the samples had V. vulnificus concentrations between 0.3 and 10 MPN/liter; concentrations in the remaining seawater samples were Ͻ0.3 MPN/liter. Concentrations in other molluscs (barnacles and small oysters) examined from the relay site were Ͻ0.3 MPN/g. Apparently, offshore highsalinity environments are not a significant source of V. vulnificus.
There is a definite seasonal influence on the concentration of V. vulnificus in oysters along the Gulf Coast; at temperatures of Ͻ20ЊC, counts in oysters are greatly reduced (8, 10, 13) . A similar ecological relationship with salinity is not as obvious. Tamplin et al. (13) reported that V. vulnificus favors relatively high-salinity environments; Kelly (8) and Vanoy et al. (17) suggested that V. vulnificus favors low-salinity environments. Recent work by Kaspar and Tamplin (7) in seawater microcosms supports this observation. They found that after 21 days at 25-ppt salinity the survival of V. vulnificus in pure culture was adversely affected.
In a 14-month survey, V. vulnificus was rarely recovered from Atlantic Coast oysters harvested from waters with average salinities of Ͼ30 ppt (10) . In a study conducted in southern Maine, Jones (5) was able to eliminate V. vulnificus from oysters relayed to relatively high-salinity waters (25 ppt) free of V. vulnificus. In the present study, the oysters were relayed into waters with average salinities greater than 32 ppt (Table 1) . We conclude that the reduction in numbers of V. vulnificus in relayed oysters was primarily brought about by the adverse effect of the high-salinity waters on the ability of the organism to survive. Suspension relaying, in which shellfish were held off the bottom, offered an additional advantage in that shellfish were not exposed to the microflora associated with the sediments, a significant source of V. vulnificus in estuarine environments (3, 12, 17) . Since the offshore waters were essentially free of V. vulnificus, the result was a progressive reduction to lower numbers.
The average salinities at the relay sites were 33% higher than those at the harvest sites. Consequently, we were concerned that this salinity change might affect the survival of the oysters. National Shellfish Sanitation Program guidelines (16) recommend that salinities in process waters at a facility for the controlled purification of oysters not vary more than 20% from the harvest water salinities. Average oyster mortalities during the study were Ͻ6%. Apparently, the oysters acclimated sufficiently in the intermediate-salinity waters of DIB prior to relaying to prevent significant mortalities.
Relaying of oysters into high-salinity offshore waters during the warm months reduces V. vulnificus to levels typically observed in oysters harvested during January and February, two months in which food-borne V. vulnificus illness has never been reported. Thus, offshore relaying is a relatively simple process that the shellfish industry may employ to reduce V. vulnificus levels in raw Gulf Coast oysters. 
